INTRODUCTION
Plasma electrolytic treatment (PET) claims the increasing attention of researchers as a rapidly devel oping area of surface engineering owing to new oppor tunities of its various applications [1] [2] [3] . These appli cations include cleaning processes of steel surface [4] ; the methods of steel hardening [5] and rapid surface annealing of peened steel [6] . Saturation processes include nitriding of the cast iron and cast steel [7] , car bonitriding of steels [8] [9] [10] [11] , carburizing [12, 13] , boronizing [14] and borocarburizing [15] . Pulse plasma electrolytic saturation (PES) is particularly significant because this method makes it possible to form the nanostructured layers with advantageous properties [16, 17] . As a rule, PES is realized at volt ages enabling the appearance of three phase systems (i.e. metal-vapour gas envelope (VGE)-electro lyte) disregarding a possible oxide layer on the elec trode surface [1] . Those systems differ in types of elec trical discharges, chemical and electrochemical reac tions, etc. The electrode is surrounded by the continuous or discontinuous, steady or unsteady elec trically conductive VGE. The continuous and unsteady VGE formed at voltage higher than critical U 1 is condensed periodically and formed again 1 The article is published in the original.
[1, Fig. 2a ]. The value U 1 determines the energy required for the electrolyte vaporization around work pieces [18] .
Steady and continuous VGE is formed when volt age goes up to U 2 . This state is similar to film boiling but differs from it by the presence of internal heat sources in the VGE. The steady and continuous VGE exists only when the value of the heat flux from the VGE to electrolyte exceeds the critical flux q min enabling the film boiling [19] . This heat flux can arise only owing to the sufficient energy release in the VGE due to the current passing through it. Thus, the key issue of the stationary PES existence is a proper con ductivity of the VGE which depends on the active elec trode polarity. Electrical discharges are assumed to provide VGE conductivity, if the active metallic elec trode is a cathode capable of providing intense elec tron emission. It is established that the emission spec trum of the cathode VGE contains the lines of the sys tem elements [20] .
Conversely, ionization of the anode VGE in the voltage interval from 100 to 300 V is not found, and the glow spectrum is characteristic to that of a heated body [18] . In this case, the electrolyte surface near the VGE is a cathode where the electron emission is at least problematic. We assume (as in our earlier work) that Abstract-This work focuses on the factors causing appearance of a steady and continuous vapour gas enve lope which functions as medium for plasma electrolytic saturation of metal and alloys with intersti tialelements (nitrogen, carbon, and boron). It is established that second critical voltage associated with tran sition from the current oscillation mode to the stable heating is determined by anion emission from boiling electrolyte in the envelope and heat transfer conditions in the system. Stability of the interface electrolyteenvelope is provided by the energy liberation in the envelope due to the passage ofcurrent. Second critical voltage promoting the anion emission is calculated on the base of Gouy-Chapman model and Tonks-Fren kel aperiodic instability. Theoretical dependence of critical voltage on the electrolyte concentration is con firmed experimentally. The influence of the electrolyte concentration on the second critical voltage is explained by the ability of the electrolyte to emit anions. Effect of solution flow rate on this voltage accounts for heat transfer conditions. It should be noted that the anion emission explains the influence of electrolyte composition on the weight change of the anode sample, limit heating temperature (∼1000°C) due to the lim ited emissivity of electrolyte, discrete current in the case of a small surface anode, and high frequency pulse of the current.
the base charge transfer through the anode VGE at voltages up to 250-300 V occurs via anion emission and their transition from boiling electrolyte to anode under electric field [21] . This paper focuses on the the oretical analysis of anion transfer from electrolyte to the VGE and confirmation of this mechanism by the experimental study of influence of the treatment con ditions on the second critical voltage.
EXCESS CHARGE EVALUATION IN THE SURFACE LAYER OF AQUEOUS ELECTROLYTE
The simplest variant of the anode PES for the steady state system within the range from 100 to 300 V is considered [3] . Appropriate thermal models for cal culation of the anode temperature, current density, and the VGE thickness are developed [22] . The heat evolving in the VGE transfers to the anode, electrolyte, and atmosphere. The electrolyte temperature distribu tion is supposed to be constant. The electrolyte tem perature at the VGE-electrolyte boundary is 100°C; it decreases to normal room temperature at a longer dis tance from VGE. This state is provided by electrolyte cooling with the use of heat exchanger.
Consider the state of the electrolyte near the VGE. The aqueous electrolyte surface contains ions and molecules of the solved substances; water molecules partly belong to solvated ions. Some ions can be trans ferred from the electrolyte to the VGE during the pro cess of boiling because of the interaction with water molecules. The ions are not able to move over a long distance from the solution because of the electrical forces which are associated with the uncompensated charge of the ions remaining in the electrolyte How ever, some of emitted ions do not return to solution even if the electric field is available. In this case the solution surface will get the negative charge owing to the increased anion concentration (Fig. 1) .
It should be noted that in the case of double layer existing on the interface without the external electric field is not considered here. An excess surface charge can be evaluated by Gouy-Chapman model where the ions concentration is described by Boltzmann distri bution law.
In practice, the anode surface area must be at least an order of magnitude smaller than that of the cath ode. For this reason, the maximal current density and Joule heat evolution are observed at the anode. Lines of current have axial symmetry in the cylindrical work chamber; electric field distribution may be more com plex in other cambers. However, we can ignore these effects near the anode as the VGE thickness is by a fac tor of tens smaller than the anode size. This fact enables us to use a single dimensional case with coor dinate directed perpendicular to the anode surface.
Let us denote the electrostatic potential in the VGE and the solution ϕ(x) where axis x is perpendicular to the interface. Let us also denote the bulk concentra tion ions N 0 , then the concentrations of the ions of any species in the electrolyte is (1) where e is the elementary charge, k is the Boltzmann constant, T = 373 K is the boiling solution temperature.
The excess charge per unit volume in the surface layer is then (2) Potential distribution in the electrolyte is described by the Poisson equation: (3) where ε is the dielectric constant of the solution, ε 0 = 0.885 × 10 -11 F/m is electric constant.
The electric field strength is recognized to be zero at distances far from the VGE then integration gives: 
